Type II (non-insulin-dependent) diabetes mellitus is a disease with complex causes, involving interactions between both genetic and environmental factors [1, 2] . Insulin action and glucose, lipid and protein metabolism are perturbed in diabetic patients. Although the initial causes are still not known, these alterations result from changes in the activity of key enzymes, mainly due to post-translational modifications of proteins as well as to changes in their gene expression [1] . Several reports show that the expression of genes coding for proteins involved in insulin action and in intermediate metabolism is altered in the common form of Type II diabetes. For example, expressions of the insulin sensitive glucose transporter (GLUT 4) [3, 4] and of the insulin receptor substrate-1 (IRS-1) [5] are considerably reduced in adipose tissue. It Abstract Aims/hypothesis. Alterations in the regulation of gene expression could be involved in the development of Type II (non-insulin-dependent) diabetes mellitus. Methods. We compared the mRNA concentrations of eight genes encoding proteins involved in insulin action and intermediary metabolism in skeletal muscle of healthy volunteers and Type II diabetic patients. The in vivo regulation of the expression of these genes was investigated after 5 days of hypocaloric diet (1045 kJ/day). Results. In the basal state, diabetic muscle showed reduced insulin receptor (±38 %), hexokinase II (±73 %), glycogen synthase (±45 %) and lipoprotein lipase (±70 %) mRNA expression. There was no difference in the mRNA abundances of IRS-1, GLUT 4, p85a phosphatidylinositol-3-kinase (p85aPI3K) or Rad. In both groups, caloric restriction induced weight loss, reduced glycaemia and increased plasma ketone body concentrations. The diet also increased plasma concentrations of fatty acids and decreased whole-body insulin sensitivity in control subjects. In control subjects, the diet increased p85aPI3K ( + 146 %), insulin receptor ( + 100 %) and Rad ( + 40 %) mRNA concentrations in muscle. In Type II diabetic patients, the diet increased insulin receptor ( + 41 %) and Rad ( + 31 %) mRNAs but the expression of p85aPI3K was not modified. Conclusion/interpretation. The regulation of the expression of p85aPI3K is altered during caloric restriction in skeletal muscle of Type II diabetic patients. Because we have shown in an earlier study that there is also a defective regulation of p85aPI3K gene expression in response to insulin, these data support the hypothesis that alterations in the regulation of gene expression could be involved in the pathogenesis of Type II diabetes. [Diabetologia (2000) 
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has been also reported that the steady-state mRNA concentrations of Rad (Ras associated with diabetes) [6] , glycogen synthase [7] and hexokinase II [8] are altered in skeletal muscle of diabetic patients. These modifications can result from the adaptation of gene expression to the metabolic perturbations of the disease. Alternatively, they can reflect alterations in the processes that regulate gene expression. In mammalian cells, the transcription of genes and gene networks is controlled by nuclear regulatory proteins (transacting factors) that bind to unique DNA sequences in the promoter region of the regulated genes. Defects in nuclear regulatory proteins of the insulin receptor gene have been found recently in two patients [9] and mutations in trans-acting factors have been involved in the development of subtypes of maturityonset diabetes of the young [10, 11] . It can be assumed that defective trans-acting factors are also present in the common form of Type II diabetes, leading to an altered regulation of the expression of one or several specific genes.
In addition to abnormal steady state mRNA concentrations [4±8], defects in the regulation of the expression of important genes were also observed in tissues of Type II diabetic patients. It was shown that the rapid induction by insulin of the mRNAs encoding GLUT 4 [12, 13] , hexokinase II [14] and the p85a subunit of phosphatidylinositol 3-kinase (p85aPI3K) [15] is impaired in the skeletal muscle of diabetic patients. Because the effects of insulin were studied in patients characterised by insulin resistance, it was difficult to know whether the observed alterations were due to defects at the level of gene transcription or were consequences of reduced insulin action and transmission of the insulin signal to the nucleus. We have found, however, that the induction of p85aPI3K mRNA by insulin was not altered in the skeletal muscle of obese non-diabetic subjects who were characterised by similar levels of insulin resistance of whole-body glucose disposal compared with Type II diabetic patients [15] . Although the mechanism of insulin resistance could have been different between the two groups, our results suggest that the impaired regulation of p85aPI3K expression reflects a specific defect in the control of gene expression in Type II diabetes, independent of obesity and insulin resistance [15] .
To gain more insight into the possible alteration in the regulation of gene expression in tissues of Type II diabetic patients, we have investigated in this work the effect of severe caloric restriction on the expression of selected genes in skeletal muscle. This type of drastic change in nutritional conditions has been shown to be associated with modifications of gene expression in human skeletal muscle [16] . Very low calorie diet, inducing metabolic and hormonal changes, is a common therapy in the treatment of Type II diabetes [17] . Subjects were maintained on a severe hypocaloric diet (1045 kJ/day) for 5 days and changes in the mRNA concentrations of eight candidate genes were investigated in skeletal muscle biopsy specimens using reverse transcription-competitive polymerase chain reaction (RT-cPCR).
Subjects and methods
Subjects. Participants in the study were nine healthy volunteers (eight women and one man, age = 41 ± 4 years, BMI = 22 ± 1 kg/m 2 ) and eight patients with Type II diabetes mellitus (seven women and one man, age = 51 ± 3 years, BMI = 31 ± 1 kg/m 2 , HbA 1 c = 11 ± 1 %, duration of diabetes = 6.3 ± 1.3 years). None of the control subjects had a familial or personal history of diabetes, obesity, dyslipidaemia, hypertension or was taking any medication except for oral contraceptives. The diabetic patients interrupted, under medical control, their usual treatment (oral antidiabetic agents) 1 week before admission. All participants gave their written consent after being informed of the nature, purpose and possible risks of the study. The experimental protocol was approved by the ethics committee of Lyons hospitals and carried out according to French legislation (Huriet law).
Protocols and study design. The subjects participated in a 7-day study protocol. During the 3 days preceding the study, their diet was controlled and standardised (calorie intake of 104
). The first and last days of the study protocol were devoted to measurements of metabolic variables including determination of basal and insulin stimulated glucose turn-over rates using euglycaemic hyperinsulinaemic clamp and glucose and lipid oxidations using indirect calorimetry. From the second to the sixth day of the study, the subjects received a very low calorie diet (VLCD) (1045 kJ/day; 45 % carbohydrate, 25 % fat, 30 % protein) that corresponded to about a 90 % reduction in their normal daily calorie intake. Glycaemia, insulinaemia and b-hydroxybutyrate concentrations were measured daily using methods described previously [18] . Fasting glucagon, free T3 and 24 h-free urinary cortisol were determined before and at the end of the diet.
Basal glucose turn-over rate was determined by dilution tracer methodology using a primed [6,6±2H2] glucose (Eurisotop, St Aubain, France) infusion (0.11 mmol × kg ±1 × min ±1 ) for 3 h as described previously [18] . Then a 3-h euglycaemic hyperinsulinaemic clamp was started by the infusion of insulin (Actrapid Novo, Copenhagen, Denmark) at a rate of 450 pmol × m ±2 × min ±1 [18, 19] . Primed [6,6±2H2] glucose was infused (0.55 mmol × kg ±1 × min
±1
) during the clamp to determine glucose turn-over rate while any decrease in blood glucose was prevented by adapted infusion of 20 % glucose solution (Aguettant, Lyons, France). For the determination of glycaemia, insulinaemia and [6,6±2H2]glucose isotopic enrichment, blood samples were drawn every 10 min both during the last 30 min of the basal period and during the last hour of the hyperinsulinaemic clamp. Urine was collected to determine glucosuria, b-hydroxybutyrate and nitrogen concentrations. Metabolite and hormone concentrations were measured using enzymatic methods and radioimmunoassays. Plasma isotopic enrichment of [6,6±2H2] glucose was determined by gas chromatography-mass spectrometry (5971 MSD, Hewlett-Packard, Paolo Alto, Calif., USA) as described [18] . Glucose turn-over rates were calculated during the basal state and the last hour of the hyperinsulinaemic clamp using steady-state equations. For the Type II diabetic patients, glucosuria was substracted from glucose turn-over rates to calculate glucose utilisation.
Respiratory exchange measurements were done to estimate glucose and lipid oxidation rates during the last hour of both the basal and hyperinsulinaemic periods of the clamp. Measurements were made using a computerised flow-through canopy gas-analyser system (Deltatrac Metabolic Monitor, Datex, Helsinki, Finland) [18] . When required, substrate oxidation and energy expenditure values were corrected for ketogenesis as proposed by Frayn [20] . After VLCD, carbohydrate oxidation was corrected for gluconeogenesis from amino acids, assuming that three-quarters of degradated proteins were converted into glucose [21] .
Muscle biopsy specimens. Muscle biopsy specimens were taken after an overnight fast in the morning of the first day of the protocol and in the morning of the last day, after 5 days of caloric restriction. The specimens were taken under local anaesthesia (2 % lidocaine) as described previously [15, 19] . Briefly, muscle samples were obtained by percutaneous biopsy of the vastus lateralis muscle using Weil Blakesley pliers (53 ± 5 mg, n = 34, range 32±147, no difference in size between samples from control and Type II diabetic subjects or before and after diet). Tissue samples were immediately frozen in liquid nitrogen and stored at ±80°C for further analysis.
Total RNA preparation. Tissue samples were pulverised in liquid nitrogen and total RNA was prepared according to a modification of a previously reported procedure [22] . In addition to absorbance measurements, concentration and integrity of the RNA preparations were carefully verified in agarose gels stained with ethidium bromide. The yield of total RNA was 25 ± 3 mg per 100 mg of muscle (wet weight) with no statistically significant difference between muscle from control and diabetic subjects, before or after the hypocaloric diet. Total RNA solutions were stored at ±80°C until quantification of the target mRNAs.
Quantification of target mRNAs. The concentrations of the eight selected mRNAs were measured by RT-cPCR [23, 24] . The method relies on the use of a competitor DNA molecule during the amplification process, after a specific reverse transcription reaction. Insulin receptor, IRS-1, Rad, glycogen synthase and lipoprotein lipase mRNAs were quantified using the multispecific heterologous competitor DNA that was constructed and validated previously [19] . For the assays of the mRNAs encoding GLUT 4, p85aPI3K and hexokinase II we had designed and elaborated a new competitor DNA molecule. In addition to these three mRNAs, this new multispecific homologous competitor [24] allows the quantification of GLUT 1, GLUT 5 and b-actin mRNA concentrations. For the construction, a cDNA fragment of each target mRNA was obtained by RT-PCR from human skeletal muscle using specific sense and antisense primers (Table 1) and high-fidelity pfu DNA polymerase (Stratagen, La Jolla, Calif., USA). Each fragment was subcloned (pGEM-T Vector System, Promega, Charbonnires, France) and used to generate a specific competitor using a PCR-based deletion/mutagenesis method [25] . Each competitor gave rise to a PCR product that was slightly shorter in size than the normal cDNA (Table 1) . To generate the complete molecule, individual competitor cDNAs were associated together using a PCR overlap extension method [25] and high-fidelity pfu DNA polymerase. The full length (1733 bp) multispecific homologous competitor was then subcloned in pGEM. Its sequence, verified by automated DNA sequencing, matched perfectly with the target mRNA sequences reported in the Gene Bank. The organisation of the individual competitors in the complete molecule is the following: (from the T7 RNA polymerase promoter in pGEM) hexokinase, GLUT 4, GLUT 1, GLUT 5, b-actin and p85aPI3K. The RTcPCR assays of the six targets were validated using known amounts (0.1 to 50 amol) of RNAs that were synthesised by in vitro transcription (Riboprobe System, Promega) and that correspond to part of the target mRNAs, as recommended previously [24] . For the assays, working solutions of the competitor plasmids (20 amol/ml to 10 ±3 amol/ml) were prepared by serial dilutions in 10 mmol/l TRIS-HCL (pH 8.3), 1 mmol/l EDTA buffer.
The conditions of the RT-cPCR reactions have been described in detail previously [19, 24] . For each mRNA, the specific first strand cDNA was synthesised from 0.1 mg of total RNA added in the RT reaction. During the PCR, we used The location of the primers in the coding sequences of the target mRNAs is indicated by indexed numbers. The Gene Bank accession numbers of the six targets are indicated in brackets.
The target mRNAs and the competitors generated PCR products of different sizes allowing their separation on polyacrylamide gel electrophoresis. The sense primers were 5¢-end labelled with the fluorescent dye CY-5 for analysis on an automated fluorescence DNA sequencer sense primers that were 5 ¢-end labelled with Cy-5 fluorescent dye (Eurogentec, Seraing, Belgium). The PCR products were then analysed with an automated laser fluorescence DNA sequencer (ALFexpress, Pharmacia, Uppsala, Sweden) in 4 % denaturating polyacrylamide gels [15] . The amounts of PCR products (competitor and target) were calculated by integrating peak areas using the Fragment Manager software from Pharmacia. To determine the initial concentration of target mRNA, the logarithm of the peak surface ratio of competitor to target was plotted against the logarithm of the amount of competitor added into the PCR medium. The initial concentration of the target was determined at the competition equivalence point as described [24] .
Presentation of results. The RT-competitive PCR assays that were used in this study allow the determination of the real quantity of a target mRNA [24] . Thus, the results are presented as absolute concentrations, in amol/mg of total RNA. In addition, to accurately determine the effect of VLCD, total RNA of the two muscle biopsy specimens from the same subject (before and after diet) were prepared simultaneously. The assay of the different target mRNAs were always made in parallel in the same run of PCR and with the same working solutions of competitor. The data are presented as means ± SEM. Statistical significance of the results was determined using Mann-Whitney non-parametric test when comparing Type II diabetic and control subjects. Wilcoxon non-parametric test for paired values was used when comparing mRNA concentrations before and after VLCD in the same group of subjects. The threshold for significance was set at p = 0.05.
Results
Hormonal and metabolic variables in Type II diabetic patients and in control subjects. Before diet, Type II diabetic patients had higher circulating concentrations of glucose, insulin, non-esterified fatty acids (NEFA), triglycerides and b-hydroxybutyrate than control subjects ( Table 2 ). The two groups had similar basal glucose utilization rates (Table 2) . Glucose clearance was, however, lower in Type II diabetics than in control subjects (47 ± 8 vs 97 ± 4 ml × m ±2 × min ±1 , p < 0.02). Basal glucose and lipid oxidation rates were similar in the two groups of subjects (Table 2) . During the hyperinsulinaemic clamp, insulinaemia (835 ± 70 and 1053 ± 115 pmol/l, in control and in Type II diabetic subjects, NS) and glycaemia (4.6 ± 0.3 and 5.2 ± 0.3, in control and in Type II diabetic subjects, NS) were maintained at similar values. Under these conditions, insulin-stimulated glucose disposal rates were considerably (more than 60 %) reduced in the Type II diabetic patients (Table 2) . Both insulin-stimulated glucose oxidation rates (Table 2) and non-oxidative glucose disposal rates (282 ± 101 vs 1161 ± 144 mmol × m ±2 × min
±1
, Type II diabetic vs control subjects, p < 0.01) were lower in Type II diabetic patients.
During the 5 days of VLCD, the control subjects lost weight (2.6 ± 0.2 kg). The diet produced significant decreases in basal glucose and triglyceride concentrations, whereas circulating NEFA and b-hydroxybutyrate concentrations increased considerably (Table 2) . Glycerol concentrations were also increased during VLCD (53 ± 6 vs 93 ± 11 mmol/l, before vs after VLCD, p < 0.01). Basal plasma concentrations of glucagon, T3 and cortisol, and free urinary cortisol were not changed after VLCD (data not shown). Basal rates of total glucose utilisation (i. e. oxidative and non-oxidative utilisation) and glucose oxidation were decreased whereas lipid oxidation rates were increased ( , before vs after VLCD, p < 0.01). During the hyperinsulinaemic clamp, the levels of glycaemia (4.6 ± 0.3 mmol/l) and insulinaemia (853 ± 57 pmol/l) were similar to those obtained during the clamp made before diet. Insulin-stimulated total glucose utilisation and oxidation rates (Table 2) and , before vs after VLCD, p < 0.01) were decreased. These results indicate that the 5 days of VLCD induced a state of insulin resistance in control subjects.
Similarly to the situation in control subjects, the Type II diabetic patients lost weight (2.4 ± 0.7 kg) during VLCD. Basal concentrations of glucagon, T3 and cortisol, and free urinary cortisol were not changed. The caloric restriction produced significant decreases in glycaemia and in triglyceride concentrations whereas there was a pronounced increase in circulating b-hydroxybutyrate concentrations (Table 2) . Plasma concentrations of NEFA (Table 2 ) and glycerol (76 ± 7 vs 64 ± 5 mmol/l, before vs after VLCD, NS) were not modified by VLCD, indicating a lack of induction of lipolysis in Type II diabetic patients. Basal glucose utilisation rates were lowered by the dietary restriction (Table 2 ) and the basal resting metabolic rate decreased (3705 ± 152 vs 3469 ± 103 kJ × m ±2 × day ±1 , before vs after VLCD, p < 0.01). During the hyperinsulinaemic clamp, levels of glycaemia (5.4 ± 0.3) and insulinaemia (928 ± 71 pmol/l) were not different from those obtained during the clamp made before diet. Insulin-stimulated glucose utilisation rates were not modified by VLCD in Type II diabetic patients ( Table 2 ). The 5 days of caloric restriction decreased insulin-stimulated glucose oxidation rates (Table 2) , whereas insulin-stimulated non-oxidative glucose disposal rates did not change (438 ± 132 vs 281 ± 101 mmol × m ±2 × min ±1 , after vs before VLCD).
Expression of the target mRNAs in skeletal muscle. Figure 1 shows the expressions of the eight selected mRNAs in skeletal muscle of control and Type II diabetic subjects. Insulin receptor (±38 %, p = 0.015), hexokinase II (±73 %, p = 0.002), glycogen synthase (±45 %, p = 0.044), and lipoprotein lipase (±70 %, p = 0.001) mRNA concentrations were significantly lower in Type II diabetic patients compared with control subjects. Regarding the expression of insulin receptor, the percentage of the isoform with exon 11 was higher in muscle from Type II diabetic patients than in that from control subjects (62 ± 5 % vs 43 ± 6 % of total insulin receptor mRNA, p < 0.05). On the other hand, skeletal muscle mRNA expression of IRS-1 (p = 0.27), p85aPI3K (p = 0.21), GLUT 4 (p = 0.15) and Rad (p = 0.31) were not different in the two groups of subjects (Fig. 1) . We also quantified the expression of the gene coding for b-actin as a reference gene. There was no difference in the mean concentrations of b-actin mRNA in muscle from control and Type II diabetic subjects (2055 ± 327 and 2711 ± 753 amol/mg of total RNA, in control and in Type II diabetic, respectively; p = 0.64).
Effects of VLCD on the expression of the target mRNAs. The mRNA expression of insulin receptor (100 ± 34 %, p = 0.015), p85aPI3K (146 ± 51 %, p = 0.008) and Rad (40 ± 16 %, p = 0.011) were significantly increased after 5 days of VLCD in the skeletal muscle of control subjects (Fig. 2) . In Type II diabetic patients, the diet also induced a significant increase in insulin receptor (41 ± 15 %, p = 0.049) and Rad (31 ± 8 %, p = 0.025) mRNA concentrations. Importantly, there was no induction of p85aPI3K expression (12 ± 13 %, p = 0.735). The VLCD did not affect the expressions of IRS-1, GLUT 4, hexokinase II, glycogen synthase and lipoprotein lipase mRNAs in muscle of either control or Type II diabetic patients. Regarding insulin receptor, both mRNA variants, with and without exon 11, were increased in the two groups. Thus, their relative expression was not modified by VLCD (43 ± 5 % and 66 ± 4 % of mRNA with exon 11 after diet in control and Type II diabetic subjects, respectively; not different from the values obtained before VLCD). Finally, the concentrations of b-actin mRNA were not affected by VLCD in the two groups (1779 ± 310 and 2017 ± 513 amol/mg of total RNA in control and in Type II diabetic subjects after VLCD). Figure 3 shows the individual data of p85aPI3K mRNA concentrations before and after VLCD, clearly illustrating the lack of induction in the skeletal muscle of Type II diabetic patients.
Discussion
This study was carried out to identify alterations in the regulation of the expression of one or several Fig. 1 . Expression profiles of the mRNA of the eight target genes in skeletal muscle from control and Type II diabetic subjects, in the basal state. Specific mRNA concentrations were quantitated by RT-cPCR in total RNA preparations from vastus lateralis skeletal muscle biopsy specimens from nine control and eight Type II diabetic subjects. Open boxes: control subjects, black boxes: diabetic patients. IR, insulin receptor; HKII, hexokinase II; GS, glycogen synthase and LPL, lipoprotein lipase. Data are means ± SEM, *p < 0.05 vs control subjects using the non-parametric test of Mann-Whitney key genes in skeletal muscle of Type II diabetic patients. We investigated the coordinated regulation of the expression of eight mRNAs that encode proteins involved in insulin action and in intermediary metabolism. We report a comparison of the expression profiles of these important genes in skeletal muscle of healthy control subjects and Type II diabetic patients. In the basal state, the Type II diabetic patients had statistically significant reductions in the mRNA concentrations of insulin receptor, hexokinase II, glycogen synthase and lipoprotein lipase.
Reduced expression of glycogen synthase [7] and hexokinase II [8] in skeletal muscle of Type II diabetic patients have been documented previously. Little is known about the regulation of the expression of lipoprotein lipase in human skeletal muscle. Lipoprotein lipase mRNA has never been quantified in muscle of Type II diabetic patients. The decreased mRNA expression observed in our study is in keeping with the reduced lipoprotein lipase activity found in muscle of insulin resistant subjects [26] .
These data also confirm our previous report showing that IRS-1 and p85aPI3K mRNA concentrations were not altered in muscle of Type II diabetic patients in the basal state [15] . In contrast to that work, we found here a significant reduction in the concentrations of total insulin receptor mRNA that might be in accordance with the lower number of insulin binding sites in muscle of Type II diabetic subjects [27, 28] . A possible explanation for the discrepancy between the present and our previous results [15] could be because the Type II diabetic patients in the present study were more insulin resistant than the subjects in the previous one (insulin-stimulated glucose uptake rates during the clamp of about 690 mmol × m ±2 × min ±1 vs 1045 mmol × m ±2 × min ±1 in [15] ). They also had a higher fasting insulinaemia and higher HbA 1 c . These metabolic differences could thus contribute to the reduced mRNA expression of insulin receptor [29] . The relative expression of the insulin receptor mRNA variant with exon 11 was slightly higher in the muscle of the Type II diabetic subjects in the present study. Increased expression of the insulin receptor isoform with exon 11 has been found in skeletal muscle of Type II diabetic patients [30] but most of the subsequent studies did not confirm this result [31, 32] . Taken together, these results suggest that the expression of insulin receptor gene is variable in Type II diabetic patients and can be related to their metabolic state, as suggested from animal model studies [33] .
Initially Rad, a Ras-like GTPase identified by subtraction cloning, was shown to be overexpressed in Type II diabetic muscle [6] . This result was questioned in a study [34] that that found a similar expression of Rad mRNA and protein in control and diabet- A Control subjects, B Type II diabetic patients. IR, insulin receptor; HKII, hexokinase II; GS, glycogen synthase and LPL, lipoprotein lipase. Data are means ± SEM, *p < 0.05 using the non-parametric test of Wilcoxon for paired data Fig. 3 . Effects of 5 days of caloric restriction on the mRNA expression of p85aPI3K in skeletal muscle of control and Type II diabetic subjects ic muscles. In agreement with this last study, we found here that Rad mRNA concentrations were similar in the skeletal muscle of control and Type II diabetic subjects. Finally, as generally observed [35] , we did not find a difference in the mRNA concentrations of the insulin-dependent glucose transporter GLUT 4 in the muscle of control and Type II diabetic subjects.
Steady-state mRNA concentrations, as observed in the basal state, could reflect adaptations of gene expression to the metabolic state of the subjects. Alternatively, they could also be related to alterations in the regulation of these genes. To characterise these potential alterations, we studied the effects of a severe reduction in calorie intake on the mRNA expression of the eight selected target genes. In control and in Type II diabetic subjects, 5 days of VLCD produced statistically significant decreases in body weight, basal resting metabolic rate and glycaemia as well as an increase in ketone body concentrations. Circulating concentrations of NEFA and glycerol did not, however, change in diabetic patients but were increased in the control group, suggesting a lack of induction of lipolysis during fasting in Type II diabetes, as observed previously in some [36] but not all [21] studies. It is also important to note that the diet decreased insulin sensitivity in the healthy lean subjects. In these latter, insulin receptor, p85aPI3K and Rad mRNAs were significantly increased after the 5 days of caloric restriction. In contrast, insulin receptor and Rad mRNA concentrations were increased in muscle of Type II diabetic patients whereas the mRNA expression of p85aPI3K did not change. Insulin-receptor substrate-1, GLUT 4, hexokinase II, glycogen synthase and lipoprotein lipase mRNA expression were not changed after VLCD in both groups.
With regard to the reduction in insulin sensitivity, the increase in insulin receptor and p85aPI3K mRNA expression in muscle of control subjects seemed thus to be a compensatory mechanism at the level of gene expression. Because insulin receptor and Rad mRNA concentrations increased in the muscle in both groups, whereas p85aPI3K mRNA did not change in the diabetic subjects, a specific defect in the regulation of the expression of this gene might occur in the skeletal muscle of Type II diabetic patients. It could be argued, however, that the lack of change in p85aPI3K mRNA during VLCD was related to the lower induction of insulin receptor mRNA expression in Type II diabetic compared with control subjects (41 % vs 100 %). Notably, we have shown previously that insulin induces p85aPI3K gene expression in human skeletal muscle [15] . Plasma insulin concentrations were not, however, modified or tended to decrease during VLCD, suggesting that insulin did not play a major part in the changes in p85aPI3K mRNA expression during dieting.
We have already shown a defective regulation of p85aPI3K gene expression in muscle and adipose tissue of Type II diabetic patients during a hyperinsulinaemic euglycaemic clamp study [15] . Others have found that p85aPI3K protein content was increased by insulin in normal muscle but not in muscle from Type II diabetic patients [37] . Therefore, the regulation of p85aPI3K gene expression seems to be altered in different metabolic situations. During the hyperinsulinaemic euglycaemic clamp, plasma concentrations of insulin increased whereas NEFA and ketone body concentrations decreased greatly [15] . During VLCD, insulin concentration did not change, glycaemia decreased and NEFA and ketone body concentrations increased considerably (this study). Under both conditions, p85aPI3K mRNA expression was statistically significantly increased in skeletal muscle in control subjects but not in Type II diabetic patients. Note however, the basal steady-state mRNA concentrations of p85aPI3K were not different between control and diabetic subjects, indicating that the defect in the regulation of the gene coding for P85aP13K is detectable only during large changes in metabolism.
During severe caloric restriction, the increase in NEFA could participate in the up-regulation of p85aPI3K mRNA expression in control subjects. The defective regulation observed in diabetic muscle could be due to the lack of change in circulating NEFA in these patients. The rates of lipid oxidation after the diet were, however, similar in control and in Type II diabetic subjects. Moreover, the defect in the regulation of the gene coding for p85aPI3K has been also observed during hyperinsulinaemic clamp [15] , a situation during which plasma concentrations of NEFA were considerably decreased in both groups. Therefore, plasma NEFA does not seem to play a major part in the alteration observed.
Altered regulation of p85aPI3K mRNA expression could be due to mutation(s) in the promoter region of the gene. The sequence of the human promoter of the gene coding for p85aPI3K is not yet available. A recent genetic study does not, however, indicate a statistically significant association between this gene and insulin resistance in Type II diabetes [38] . Alternatively, this alteration could be a marker of a more widespread defect in the regulation of gene expression. In addition to p85aPI3K [15] , altered regulation by insulin of GLUT 4 [12, 13] and hexokinase II [14] have been found in skeletal muscle of Type II diabetic patients. It seems therefore that the regulation of a network of genes involved in insulin action might be affected. It is possible that a common mechanism controls the expression of these genes (like a common trans-acting factor).
